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ABSTRACT 


Performance,  perceived  stress,  psychological  moods,  and  serum  andurincry  bio- 
chenrical  measures  were  analysed  in  a  sample  of  naval  aviators  undergoing  replace¬ 
ment  air  group  training  in  the  F-4  aircraft.  The  aviators,  as  a  group,  rated  the 
first  F-4  flight  as  the  most  stressful  training  flight  and  concomitantly  shewed 
significant  increases  in  serum  lactic  acid,  pyruvic  acid,  urinary  norepinephrine 
and  urinary  creatinine  during  this  flight.  Pilots  throughout  training  obtained 
significantly  higher  performance  scores  and  showed  significantly  less  fear  and 
fatigue  than  did  radar  intercept  officers  (RIOs).  Pilots'  perceived  stress  and 
performance  scores  were  unrelated.  RIOs'  radar  trainer  stress  scores  were  sig¬ 
nificantly  correlated  with  performance  during  their  subsequent  radar  flights. 
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Combat  readiness  frequently  involves  c! vmondi :;;j  training,  with  att<  ivi uit  ;jrr*u\*. 
of  psychological  and  neuroendocrine  sy;> loms  (11).  It  has  boon  a  goal  of  reset,  re  I  if  r 
studying  stress  in  the  military  to  utilize  subjective  reports  cf  mental  stress,  as 
well  as  physiological  responses  to  these  stresses,  to  estimate  the  mod  I  col  conse¬ 
quences  of  these  stressful  training  programs  (6,7,8,9,11,16).  Evaluations  of  the 
trainees'  profiles  of  physiological  reactivity  to  training  stresses  have-  shown  some 
promise  as  predictors  of  performance  during  training  (6,7,8,9,11,12). 

Replacement  Air  Group  (RAG)  training  programs  for  Navy  aviators  consist  of 
phases  involving  both  simulated  and  actual  flights.  RAG  training  entails  tactical 
flying  and  weapons  deployment  in  a  progressive  program  where  the  men  have  time  to 
prepare  for  each  new  training  challenge.  Research  carried  out  in  RAG  training  with 
F-4  jet  aircraft  squadrons  offered  the  unusual  opportunity  to  study  differences  in 
perceived  stress  and  physiological  arousal  between  pilots  and  radar  intercept  offi¬ 
cers  (RIOs).  While  pilots  have  direct  flight  control,  RIOs  operate  all  electronic 
equipment  and  specify  the  course  and  maneuvers  necessary  to  accomplish  a  mission. 

In  the  present  study  it  was  hypothesized  that  during  specific  phases  of  RAG 
training,  pilots  and  RIOs  would  perceive  different  levels  of  stress  depending  upon 
the  extent  to  which  the  training  applied  to  their  specific  job  demands.  It  was 
also  hypothesized  that  blood  and  urinary  biochemical  responses  would  correspond  to 
levels  of  perceived  stress.  Lastly,  it  was  hypothesized  that  performance  would  be 
related  to  aviators'  perceived  levels  of  stress. 
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Subject’-. 


Ori'.*  F-4  RAG  squadron*  co.i 
and  11  trainee  RIOs  (mct-n  age 
completed  a  college  education 
were  Caucasian  male?  wl.o  were 


elating  of  13  trainee  pilots  {ik:-uii 
34.8  years)  participated  in  the  ft'.; 
and  the  majority  in  each  group  were 
provided  voluntary  consent  and  pvot 


age  3 8.0  years) 
All  i:  \u:’ 
unmarried.  All 
net 'ion  of  iiu  it  at  i 


subjects  information. 


Training  Program 

The  RAG  syllabus  for  F-4  jet  aircraft  at  the  Miramar  Naval  Air  Station,  San 
Diego,  California,  is  divided  into  several  phases.  A  control  day,  along  with  the 
first  days  of  simulated  or  actual  flight  in  three  of  these  training  phases,  were 
selected  for  study.  The  control  day  was  the  day  prior  to  the  beginning  of  RAG 
training.  The  first  phase  of  training,  familiarization  and  instrumentation  (FAN), 
includes  computer  simulation  of  different  aspects  of  F-4  flight  operations,  as 
well  as  actual  flights.  The  first  simulator  experience  ( FAM  Trainer)  was  the 
second  study  day,  and  the  first  actual  flight  in  the  F-4  was  the  third  study  day. 
The  radar  phase  involves  the  introduction  to  the  radar  system  and  an  all-weather 
weapons  system  with  emphasis  on  basic  intercept  techniques.  The  first  computer 
simulated  flight  in  this  phase  (Radar  Trainer)  was  the  fourth  day  studied  and  the 
first  actual  radar  weapons  flight  (Radar  Flight)  was  the  fifth  study  day.  The 
sixth  and  final  study  day  was  the  initial  aircraft  mission  where  conventional 
weapons  (Bombing)  was  carried  out.  Whereas  pilots  had  the  primary  responsibil i- 

I 

ties  during  the  FAM  trainer  and  FAM  flight,  RIOs  had  primary  responsibilities 
during  the  Radar  trainer  and  Radar  flight. 
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flight.  T!i?rc  v.vro  tiiffri.-;;!  instrui  lore  presort  during  (viii  flight,  as  \,  -11 
during  the  training  pt'o  ;  i  Inref ore ,  average  performance  scorer.  for  the  actual 
ft i (j.hts  of  a  l.rairnng  phase  studied  ((•'/•/;,  Radar,  and  Dumbing)  were  cor..;. uteri  to 
reduce  en- instructor  di  fferences  in  scores. 

Biorhe:;;  i  r a  1  f  'cost/  r^m.r-nt  s 

Six  blood  samples  and  fi/e  urine  spec  in  -ns  were  collected  on  each  participant. 
These  samples  were  tahon  on  the  control  day  (blood  cnly)  and  on  each  of  the  five 
training  days  studied.  Blood  samples  were  collected  just  prior  to  each  simulated 
or  real  flight.  Immediately  after  venipuncture,  a  2  ul  aliquot  of  whole  blood 
was  precipitated  with  cold  0.5  N  perchloric  acid  and  frozen  for  subsequent  analyses 
for  lactic  and  pyruvic  acid.  The  remainder  of  the  blood  sample  was  centrifuged 
and  the  serum  recovered  and  frozen  for  later  analyses  for  serum  cholesterol  arid 


uric  acid.  Cholesterol  was  determined  by  the  method  of  Clark,  et  al . ,  and  uric 
acid  by  the  enzymatic  method  of  Liddle,  et  al_.  (1,4).  Lactic  acid  was  determined 
by  the  Rapid  Lactate  Method  (Rapid  Lactate  Fast  Pack,  patented  by  Calbiochem, 

10933  Torrey  Pines  Road,  La  Jolla,  CA  92037).  Pyruvic  acid  was  determined  by  the 
enzymatic  method  cr  Marbach,  et  al_.  (5). 

Timed  urine  samples  were  collected  at  the  end  of  each  of  these  flights.  The 
subjects  voided  prior  to  and  once  again  within  15  minutes  after  the  flight.  The 
average  duration  of  urine  collection  was  180  minutes.  These  timed  specimens  were 
measured  for  volume  before  10  ml  aliquots  were  frozen  for  later  analyses  for 
catecholamines.  Urinary  catecholamines  were  determined  by  a  modification  of  the 
technique  developed  by  Von  Euler  and  Lishajko  with  the  urine  samples  acidified 
to  ph  3.0  with  concentrated  HCL  (14).  Urinary  creatinine  was  measured  by  the 
method  of  Henry  (3). 
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The  P f... ■  i i.  LiVe  Ck:  Quest.  i  nu-u  i  re:  (!:t  CQ)  w ;•.(!;  4  n  i  stored  m.  thr  cont.ol 

Cay  and  an.. in  or.  study  day.  Ihe  first  at'aiiiiisirali  ai  o;  the  f;!  CQ  queried 
subjects  rec- ruing  the  occurrence  of  42  life  events  over  the  past  two  years— 
divided  into  four,  six-month  inlorvuls:  0-  t>  Months,  7- 12  a  :;'  Jr;  .  13-1B  month: 
and  19-24  months  ago  (10).  For  the  next  five  administrations,  subjects  were 
asked  which  l  ife  events  had  occurred  during  the  interval  since  last,  (.depleting 
the  questionnaire.  Two  methods  of  scoring  the  RLCQ  were  used:  1)  the  number  of 


events  having  occurred;  2)  the  sum  of  the  Life  Change  Units  (LCU)  for  th 


i  events 


having  occurred.  These  two  scorer,  were  computed  for  the  four  time  periods  on 
the  initial  RLCQ  and  for  each  of  five  interval  measures. 

Mood  Questionnaire 

The  Mood  Questionnaire  (MQ)  was  also  administered  on  the  control  day  and  at 
the  time  of  each  blood  draw,  "fie  MQ  consists  of  40  adjectives  describing  a  per¬ 
son's  current  psychological  mood  (13).  The  individual  response  to  each  of  the 
adjectives  was:  l=not  at  all,  2=so:newhat  or  slightly,  3-mostly  or  generally. 

The  MQ  has  six  scales:  Happiness,  Activity,  Depression,  Fear,  Anger,  and 
Fatigue.  Each  scale  has  from  five  to  seven  adjectives  and  was  scored  by  summing 
the  various  responses  to  the  adjectives  in  the  scale. 

Perceived  Stress  Measure 

Following  completion  of  the  RAG  syllabus,  each  trainee  provided  a  retrospec¬ 
tive  evaluation  of  his  perceived  stress  on  the  control  day  and  on  each  training 
day  studied.  The  rating  scale  ranged  from  0  (no  stress)  to  10  (maximum  stress). 
The  first  radar  flight  was  inadvertently  omitted  from  the  rating  form  and  con¬ 
sequently  no  stress  measure  was  obtained  for  this  study  day. 
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Statistical  An.,  lyses 


Stress,  !:■■  ioj ,  I'.icji.h"  ic.'l  .  an- 1  p-.-rfot  m  :n.  •  variable,  v.-vc  analy. ,  i  L;  groups 
(pilots  vs.  RIO,),  and  by  ti:..c  period  (days  o{  training  studied)  i.vir-j  ■■  two 
analysis  of  variance  tor  rej/eotcd  r -retires  (A!  107  A) .  Analyses  of  the  tier  pari 
differences  arc  based  on  Inc  C(  :r L> inrd  lot  and  RIO  1  period  data.  1  he  Ceirsor- 
Grecri house  (lb)  method  of  degrees  c-f  f reedom  adjustment  was  used  as  a  conscnv.t ivo 
estimate  of  significance  in  differences  of  means  (the  F).  Tukey's  Honestly  Sig¬ 
nificant  Difference  Test  was  computed  for  all  variables  which  showed  a  significant 
effect  over  time  to  indicate  which  time  period  neons  were  significantly  different 


To  test  the  hypothesis  about  the  relationship  between  performance  and  per¬ 
ceived  stress,  Pearson  product  moment  correlations  were  computed  for  pilots  end 
RIOs  separately.  Since  Pearson  correlations  can  be  inflated  due  to  the  extreme 
variation  in  small  samples  such  as  these,  Spearman  rank  order  correlations  were 
computed  to  verify  eacli  significant  Pearson  correlation. 


RESULTS 


Training  Stress 

Results  of  the  two-way  ANOVA  of  the  trainees'  stress  ratings  are  presented  in 
Table  I.  No  significant  group  differences  were  seen  between  pilots  and  RIOs,  and 
no  significant  interaction  of  time  and  groups  was  observed.  Perceived  stress  was 
significantly  different,  however,  between  days  of  training  (time  periods)  for  the 
total  aviator  sample  (p<0.001).  Aviators'  overall  stress  ratings  were  lowest  at 
the  start  of  training  and  highest  for  the  first  F-4  flight.  Pilots,  as  a  group, 
rated  the  first  F-4  flight  as  the  most  stressful  of  all  flights  studied.  Although 
not  statistically  significant,  RIOs  rated  the  first  radar  trainer  as  the  most 
stressful  training  day  studied. 
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ale  (Table  il).  For  both  pilots  and  p.i'Gs,  a  trend  was  u  for 
scores  to  be  followed  by  a  decline,  with  a  stabilization  cf  scores 


i  two  flights.  This  trend  was  not  statistically  significant,  hov- 
received  significantly  ( p < 0 . 0 1 )  higher  marts,  as  a  group,  than  did 


[Insert  Table  II  about  here] 
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rmical  measures  were  seen  to  remain  within  normal  limits  across  ail 
There  were  no  significant  differences  between  pilots  arid  RIOs,  and 
■roups  x  time  interactions  were  significant.  Serum  lactic  acid, 

.  acid,  urinary  creatinine  and  urinary  norepinephrine  varied  signifi- 
s,  with  the  highest  values  seen  at  the  first  F-4  flight  and  lowest 
ed  during  the  radar  trainer.  Though  not  statistically  significant, 
catecholamines  were  at  their  highest  levels  at  their  first  radar 
o  results  are  shown  in  Table  III. 
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initial  high  scores  to  be  follo..'r J  a  docline,  with  i  siabilicui.  ice  of  scores 
over  the  final  iv:o  flights.  This  trc-iui  was  not  statistically  significant,  hoc- 
ever.  Pilots  received  significantly  ( p-  0 . 01 }  higher  marts,  as  a  group,  than  die 


RIOs. 


[Insert  Tal»le  II  about  here] 


Biochemical  Measures 


All  biochemical  measures  were  seen  to  remain  within  normal  limits  across  all 
study  days.  There  were  no  significant  differences  between  pilots  and  RIOs,  and 
none  of  the  groups  x  time  interactions  were  significant.  Serum  lactic  acid, 
serum  pyruvic  acid,  urinary  creatinine  arid  urinary  norepinephrine  varied  signifi¬ 
cantly  by  days,  with  the  highest  values  seen  at  the  first  F-4  flight  and  lowest 
values  observed  during  the  radar  trainer.  Though  not  statistically  significant, 
RIOs’  urinary  catecholamines  were  at  their  highest  levels  at  their  first  radar 
flight.  These  results  are  shown  in  Table  III. 
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Pilots  had  sieni  Pi  cant  ly  ( p  < .  0 1 )  lover  moans  than  RIOs  for  the-  mood  scales 
Fear  and  Fatigue.  Fatigue  also  varied  significantly  (p<.05)  ever  tire,  with  the 
lowest  naan  prior  to  the  first  F-4  flight  and  the  highest  on  the  control  day  (this 
pattern  was  found  for  both  pilots  and  RIOs).  There  were  no  significant  differences 
between  pilots  and  RIOs  or  across  the  training  sessions  studied  for  the  other  four 
mood  scales  (Depression,  Anger,  Activity  and  Happiness). 

Life  Changes 

Pilots  reported  significantly  fewer  life  change  units  (LCU)  and  total  recent 
events  than  the  RIOs  during  the  0-6  months  time  interval  immediately  prior  to  RAG 
training  (p<.05).  The  intervals  between  administrations  proved  to  be  too  short  for 
meaningful  accumulations  of  life  changes  for  either  group.  Correlations  between 
0-6  months  life  change  units,  performance  marks,  perceived  stress  and  the  bio¬ 
chemical  variables  resulted  in  no  significant  relationships. 

Performance  and  Stress 

Intercorrelations  computed  between  perceived  stress  scores  and  performance 
evaluations  indicated  only  one  significant  relationship.  In  the  RIO  sample,  stress 
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Since  the  stress  rating  for  the  first  radar  flight  was  i 
of  interest  to  project  ha-.;  this  point  in  training  might 
pilots  and  RIOs.  For  example,  it  was  observed  that  RIP:, 
ho  more  stressful  than  the  F-4  flight.  It  could  be  expo 
radar  flight  would  have  been  rated  even  higher  by  RIOs. 
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catecholamine  excretion  during  this  first  radar  flight.  Due.  in  pert,  to  tin's 
methodological  error,  Hypothesis  1  was  not  cenfirmed--that  perceived  stress  would 
vary  depending  on  the  different  job  demands  for  pilots  and  RIOs. 

Several  biochemical  measures  varied  significantly  over  the  course  of  train¬ 
ing.  Serum  lactic  acid,  pyruvic  acid,  urinary  norepinephrine  and  creatinine  were 
significantly  elevated,  for  all  aviators,  for  the  first  F-4  flight.  This  was  also 
the  point  of  highest  perceived  stress  (Hypothesis  2).  Urinary  catecholamines  for 
all  aviators  correlated  (r=.54,  p<.05)  with  serum  lactic  acid  on  the  day  of  the 
F-4  flight,  although  this  was  not  confirmed  by  Spearman  rank  order  correlation. 
Both  serum  lactic  acid  and  lactate/pyruvate  ratio  have  been  linked  to  subjects’ 
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trcinirn-soeci  f ic  phyrk  k.jico.l  re:-;  ‘.••v.-Co  was  scan  in  pilots1  vc-rso'-  PIOs1  nr::.  "/ 
catechol  f.r.ir.'.s  dav.  (Table  Hi). 

Serum  uric  acid  levels  tended  v.u  Lr  higher  for  pilots  th,n  RTO:. ,  and  ter/'c. 
tc  he  relatively  elevated  for  both  ere  ups  early  in  train  ire.  These  trends,  they, 
not  statistically  significant ,  p;n*cllol  previous  findings  fro:*  this  let oratory 
(6,9,12).  Flevatcd  level;;  of  ser.i;.:  uric  acid  we  re  also  observed  in  these  pre\  it  or. 
studies  to  mark  those  individuals  who  were  highly  successful  in  training.  Thus, 
the  relatively  higher  set -urn  uric  acid  levels  seen  for  pilots  versus  P.lOs  is  in  the 
expected  direction,  given  their  higher  performance  scores. 

For  pilots,  tiie  F-4  flight  phase  was  their  transition  into  a  full-size  fighter 
aircraft  following  a  series  of  comprehensive  sessions  in  a  simulator.  The  F-4 
aircraft  does  not  have  dual  controls,  thus  the  instructor  can  or^y  provide  verbal 
guidance.  It  was  observed  that  pilots'  urinary  epinephrine  excretion  during  the 
simulator  flights  for  both  the  FAM  and  Radar  phase  significantly  correlated  with 
their  average  performance  for  each  of  these  phases.  The  trainer  epinephrine  value- 
to-average  performance  correlation  was  0.74  ( p< . 01 )  for  the  FAM  phase  and  0.70 
(p<.05)  for  the  Radar  phase.  This  suggests  that  the  pilots  who  responsed  to  the 
simulator  experiences  with  an  activation  of  epinephrine  release,  performed  better 
during  the  period  of  actual  flights  to  follow.  Such  relationships  between 
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S’.ri  lot'’.'.-  ,  der  i:  g  <  ho  tv.:'  :r  a:,f,u-'  •  i  ion  r<  , ,  rr  il  il  ity  fnr  navi- 

nation,  f  o.  "ijiiicc.  I.  if  ;i5  and  tv  '  cent!  tor  the  i  irst  time  in  actual  [light 
cone'll  it  .  H 1 0 •> '  p:r ri •  s during  11;-.  radar  flight  was  not  related  to  their 
catecholamine  r? ; ; c rc?  icn ,  but  daring  sol  vp  rad;’ r  flights  a  signi  ficart  ne-ift - 
tivc-  cor  ml  at  ion  ;;;s  seen  lot  ween  per fom. ones  and  perceived  stress  scores  for  !!.« 
radar  trainer,  inis  finding  suggests  the- i  high  perceived  stress  levels  in  filCs 
subsequently  interfered  with  their  radar  flights'  perform'!  nett  (Mypotr.es is  3). 

There  was  some  evidona.  that  human  physiological  ond  psychological  responses 
vary  with  the  level  cf  training  stress.  The  rating:,  of  perceived  stress  were 
retrospectively  collected,  and  a  stronger  relationship  between  the  stress  ratings 
and  the  performance  scores  might  have  been  observed  with  daily  stress  ratings. 

The  daily  ratings  might  be  less  effected  by  memory  and  perceptual  distortion,  and 
influences  outside  the  training  setting.  Further  v.o^k  relating  individual  differ¬ 
ences  in  perceived  stress  to  differences  in  reactivity  is  suggested. 
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*0  ABSTRACT  (Ci>niJ/iu«  on  raverae  alda  ff  nacaaaarv  and  by  block  number) 

Performance,  perceived  stress,  psychological  moods,  and  serum  and  urinary 
biochemical  measures  were  analyzed  in  a  sample  of  naval  aviators  undergoing 
replacement  air  group  training  in  the  F-4  aircraft.  The  aviators,  as  a  group, 
rated  the  first  F-4  flight  as  the  most  stressful  training  flight  and  concomi¬ 
tantly  showed  significant  increases  in  serum  lactic  acid,  pyruvic  acid,  urinary 
norepinephrine  and  urinary  creatinine  during  this  flight.  Pilots  throughout 
training  obtained  significantly  higher  performance  scores  and  showed  signifi¬ 
cantly  less  fear  and  fatigue  than  did  radar  intercept  officers  (RIOs).  Pilots  ’ 
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20.  Abstract  (continued) 

perceived  stress  and  performance  scores  were  unrelated,  kl Os 1  radar  trainer 
stress  scores  were  significantly  correlated  with  performance  during  their 
subsequent  radar  flights. 
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